Global mean temperatures are projected to rise 2-4°F by the mid twenty-first century (Kirtman et al. 2013) and are expected to be accompanied by more severe and longer periods of extreme heat in particular geographic locations, including regions in the United States. (Meehl and Tebaldi 2004) . Extensive research on the adverse health effects of extreme heat exposure (Anderson and Bell 2011 , Michelozzi et al. 2009 , Anderson et al. 2013 contribute to focused efforts to reduce exposure via mitigation and adaptation (MCHP 2012 , Hess, Schramm, and Luber 2014 , Stone et al. 2013 , Seroka, Kaiser, and Heany 2011 . Efforts such as modifying built environments to reduce ambient temperatures (Stone et al. 2013) and increasing outreach to at-risk populations (Tompkins and Adger 2004) can help ensure healthy, sustainable urban systems. We sought to develop a user-friendly prototype tool that displays where heat-related vulnerability and land surface tem-perature coincide across Detroit, Michigan. We present the methods and technological infrastructure used to develop the Internet-based Heat Evaluation and Assessment Tool (I-HEAT).
Heat-related vulnerability is complex; it is influenced by environmental factors (Medina-Ramon and Schwartz 2007), demographic factors (Ostro et al. 2009 , Semenza et al. 1996 , and health and societal characteristics (Basu and Ostro 2008 , Basu, Dominici, and Samet 2005 , Schwartz 2005 ). Heat vulnerability indices (HVIs) are often mapped to display spatial patterns of vulnerability (Harlan et al. 2013 , Reid et al. 2009 , Johnson et al. 2012 . Following Reid et al. (2009) , we calculated and mapped an HVI comprised of individual-and community-level characteristics that contribute to heat-related vulnerability (Reid et al. 2012) . Data were obtained from the 2000 U.S. Census (www.census.gov) and aggregated at the census tract level. Variables included proportions of the population over the age of 65, living alone, over the age of 65 and living alone, living below poverty, non-white, and without a high school education. The index also considered the prevalence of air conditioning and diabetes among elderly people. I-HEAT contains a section displaying Landsat 5 satellite imagery. The imagery was converted to land surface temperature and the Normalized Difference Vegetation Index (NDVI), which capture the contribution of local land cover to surface temperature. Satellite-derived land surface temperature is a reliable measurement of exposure to heat in Detroit (White-Newsome et al. 2013). We calculated brightness temperature using Band 6 (low gain) via the algorithms of Chander, Markham, and Helder (2009) , and we used Bands 3 (red visible) and 4 (near infrared) to calculate the NDVI. We used a simple model to estimate heat-related risk (R) modeled as a function of exposure and vulnerability factors in I-HEAT:
where x is the user-defined relative weight, V' is the standardized HVI and T' is the standardized land surface temperature at a specific location. I-HEAT users can specify relative weights for exposure and vulnerability. The risk is linearly scaled, and the areas of highest risk appear in red on the map. A slider feature allows the user to dynamically adjust the relative strength of the two factors. I-HEAT is accessible at http://www.biomedware.com/I-Heat/IHeatViewer.html.
The I-HEAT software targets non-technical users who require user-friendly, easily accessible tools that can host geospatial data (e.g., satellite imagery). Traditional geographic information systems (GIS) are limited in their ability to represent complex spatio-temporal relationships (Jacquez, Maruca, and Fortin 2000) . The infrastructure is based on the Space-Time Intelligence Software (STIS) technology that was developed to suit the representation, visualization and analysis of spatial patterns and processes (Jacquez 2009 ); it also allows for user-customized secure, inexpensive data storage (Carter 2007) . I-HEAT runs in any Adobe Flash-supported web browser and can easily be updated to accommodate changing Internet technology.
In creating the I-HEAT, we were limited to available data. Satellite images often required additional post-processing (e.g., gap-filled products), and images from a cloudless day during the summer months (May-September) were scarce. The Landsat 5 imagery used in the I-HEAT prototype was taken on September 1, 2002 (Path 20, Rows 30-31) (http://glovis.usgs.gov). We chose to construct the HVI using 2000 census demographic and health data to maintain temporal consistency with the satellite imagery. Like many prototypes, the tool could be greatly enhanced by numerous updates. At the time of development, Landsat 8 data were not available. Future versions of I-HEAT will utilize Landsat 8 imagery, 2010 census data, and meteorological models that better characterize local temperature. Alternative calculations of heat vulnerability could include variables beyond those in Reid et al. (2009) , specifically those accounting for adaptive capacity (Luers et al. 2003 , Tate 2012 , Harlan et al. 2013 . Furthermore, estimated heat-related risk (R) could include an adaptive capacity indicator term to account for activities that explicitly increase adaptive capacity, such as community-specific efforts to increase education and outreach in elderly populations on the warning signs of heat-related illness, which are commonly misunderstood or ignored in older populations (Sampson et al. 2013 ). Thus, increasing adaptive capacity by altering the knowledge, attitudes and practices pertaining to heat-related illness would contribute to a lower risk.
Although I-HEAT is specific to Detroit, Michigan, the methodology and technology used in its development can be replicated and implemented by many communities and sectors. It follows a main tenet of sustainability frameworks as it is rooted in translating high-quality research findings into products that can assist in decision making related to natural and human systems (Tàbara and Chabay 2013) . Future versions of I-HEAT could incorporate user-controlled input data that reflect local knowledge, tailoring the mapping output to the needs of the user. An I-HEAT feasibility analysis, presented in Sampson et al. (2014) , resulted in a tool update that added Detroit cooling center locations. The addition provided a visual, researchderived product that public health practitioners can use to determine areas in the City where vulnerability is high and cooling center access is limited. I-HEAT applications extend to urban planning, civil engineering, and education. Planners could use the NDVI imagery in concert with vulnerability and land surface temperature estimates to identify where vegetation could be increased, ultimately reducing ambient air temperature (Stone et al. 2013) and increasing sustainability by reducing the amount of water and energy required to cool living spaces. Often, recommendations for reducing exposure to extreme heat involve the use of energy-intensive cooling devices (e.g., air conditioning), which, over time, contribute to a further increase in local and global temperatures (Salamanca et al. 2014) . Geospatial tools like I-HEAT can play a critical role in communicating how environmental and human health are intertwined, ultimately informing co-beneficial actions that ensure the sustainability of both natural and human systems.
